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CHAPTER 5

DESIGN PROCEDURE

5-1. General. which expresses varying axle loads and traffic
Once the floor-slab design requirements have been
established, i.e., the type of loadings, including wall
loads and both stationary live and moving live loads,
the requirements are translated into meaningful
design data. These design data are then compared
with the existing condition data, and a floor slab
design is evolved. The design procedure covers sub-
grade conditions, steel reinforcing, and various de-
tails such as jointing.

5-2. Floor slab loads.
a. Traffic loadings. In order to satisfy require-

ments of different types of vehicles and traffic vo-
lumes, all Category I, II, and III traffic has been
expressed in terms of equivalent operations of a
basic axle loading. The basic loading was assumed
to be an 1 8,000-pound single-axle load with two
sets of dual wheels spaced 58-1/2 inches apart with
13-1/2 inches between dual wheels. It should be
noted that the basic loading was arbitrarily selected
to provide a reasonable spread in the loadings and
traffic volumes likely to be encountered under
normal conditions. A design index (DI) was devised

volume in terms of relative severity. The DI ranges
from 1 to 10 with the higher number indicating a
more severe design requirement. The basic loading
described above was used to assign and rank the
Dl*s. More information concerning the DI can be
found in TM 5-822-6/AFM 88-7, Chap. 1. Table 5-
1 shows the DI*s for various traffic volumes. Thick-
ness requirements for floor slabs which contain only
temperature reinforcement for the ten DI*s are
shown in figure 5-1. The floor-slab thickness
requirements are a function of concrete strength and
subgrade modulus and DI. Larger forklifts having
axle loads greater than 25 kips are treated
separately. The required slab thickness for
pavements designed for these loads are not
significantly affected by vehicles having axle loads
less than 25 kips (trucks, cars, buses, and small
forklifts). These light loads are therefore ignored in
determining requirements for pavements carrying
axle loads greater than 25 kips. The thickness
requirements for these loads are shown in figure 5-2.

Table 5-1. Traffic categories for design index

Maximum Operations Design
Per Day Over 25 Years Load Index

50 10-kip axle-load forklift truck 4

250 10-kip axle-load forklift truck 5
10 15-kip axle-load forklift truck

250 10-kip axle-load forklift truck 7
100 15-kip axle-load forklift truck

250 15-kip axle-load forklift truck 8
5 25-kip axle-load forklift truck
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b. Stationary live loads. Stationary live loads are pavement design in equation 5-1:
expressed in terms of maximum allowable pounds
per square foot. These loadings are given in table 3-
1. The method used to determine the allowable
loads is based on the concrete flexural strength, the
slab thickness, and the modulus of subgrade
reaction. Entering table 3-1 with the flexural
strength and the slab thickness, the allowable
stationary live load can be selected. Based on the
modulus of subgrade reaction, the load is adjusted
using the constant factor given in the note (table 3-
1).

c. Wall loads. Stationary-partition loads are
expressed in terms of pounds per linear foot. These
loadings are given in table 3-2. The method used to
determine thickness, t , of the thickened floor slab isc
based on the concrete flexural strength, the load,
and the modulus of subgrade reaction. Entering
table 3-2 with the flexural strength of the concrete
and the load, the concrete thickness is selected,
based on a modulus of subgrade reaction of 100 pci.
The thickness is adjusted using the constant factor
given in the note (table 3-2), for other subgrade
moduli.

d. Design procedures for stabilized foundations.
(1) Soil stabilization or modification. Soils

that have been treated with additives such as
cement, lime, fly ash, or bitumen are considered to
be either stabilized or modified. A stabilized soil is
one that shows improvement in load-carrying
capability and durability characteristics. A modified
soil is one that shows improvement in its
construction characteristics but which does not
show an increase in the strength of the soil
sufficiently to qualify as a stabilized soil. The
principal benefits of soil modification or stabilization
include a stable all-weather construction platform
and a reduction of rigid pavement thickness
requirements when applicable, swell potential, and
susceptibility to pumping and strength loss due to
moisture.

(2) Requirements. The design of the
stabilized or modified layers will follow TM 5-822-
4, and TM 5-818-2/AFM 88-6, Chap. 4. To qualify
as a stabilized layer, the stabilized material must
meet the unconfined compressive strength and
durability requirements in TM 5-882-4; otherwise,
the layer is considered to be modified.

(3) Thickness design. The thickness require-
ments for a rigid pavement on a modified soil
foundation will be designed as if the layer is
unbounded using the k value measured on top of the
modified soil layer. For stabilized soil layers, the
treated layer will be considered to be a low-strength
base pavement and the thickness determined using
the following modified partially bonded rigid overlay

where
h = thickness of rigid pavements overlayo

required over the stabilized layer, inches
h = thickness of rigid pavement from design

chart (fig. 5-1) based on k value of
unbound material, inches

E = flexural modules of elasticityf
(as determined by ASTM C 78)

h = thickness of stabilized layer, inchess

e. Design Examples.  Example design problems
can be found in appendix C.

5-3. Subgrade.
a. Compaction. Compaction improves
stabiliity of most subgrade soils and provides a

more uniform foundation for the floor slabs or base
course.  Method 100 of MIL-STD-621, Compaction
Effort CE 55, should be used to determine the
compaction characteristics of the subgrade soils.
During construction, prolonged exposure of the
subgrade to the atmosphere may allow overwetting
or and drying therefore should not be allowed.

b. Cut sections. With the exception of areas of
special soil, the top 6 inches of subgrade in cut
sections should be scarified and moistened to
approximately optimum moisture content and
compacted. Cohesive subgrade soils should be
compacted to a minimum of 90 percent of CE 55
maximum density and cohesionless soils to a
minimum percent of CE 55 maximum density.

c. Fill sections. With the exception of fill com-
posed of special soils, all fills  composed of cohesive
materials should be compacted to minimum of 90
percent of CE 55 maximum and all fills composed of
cohesionless materials should be compacted to a
minimum of 95 percent of CE 55 maximum density.
Some adjustment., for compaction requirements
may be necessary ;for fills of expansive soils..

d. Cut-to-fill sections. When a rigid floor  slab is
located partially on a fill area and partially on a cut
area, the compaction. requirements set forth in the
preceding paragraphs should be followed.  The
depth of subgrade compaction in  the cut area
should be increased to 12 inches.
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e. Nonuniformity. Where it is not possible to
create uniform subgrade conditions by the methods
described herein, the slab design can be varied
throughout the project to maximize economy. Con-
crete flexural strength, percent reinforcing steel, and
slab thickness can all be adjusted to provide a design
which is balanced in terms of service life. The
specific combinations to be used will depend upon
local conditions and costs, and selection of design
alternatives is left to the discretion of the design
engineer.

f. Special soils. Although compaction increases
the stability and strength of most soils, some soil
types show a marked decrease in stability when
scarified, worked, and rolled. Also, there are some
soils that shrink excessively during dry periods and
expand excessively when allowed to absorb
moisture. In general, these are inorganic clays of
relatively high plasticity usually classified as CH
soils. Special types of soils are discussed in TM 5-
825-2/AFM 88-6, Chap. 2, TM 5-818-1/AFM 88-3,
Chap. 7, and TM 5-818-7.

g. Back filling. Special care should be exercised
in backfill areas around walls and columns to ensure
compliance with compaction requirements outlined
in the above paragraphs. Backfilling around walls
and columns should be performed with pneumatic
tampers, gasoline-powered tampers, and other
mechanized hand-operated devices. Soil moisture
content and lift thickness should be carefully con-
trolled to ensure that compaction requirements are
met through the full depth of the backfill.

h. Treatment of unsuitable materials. Soils desig-
nated as unsatisfactory for subgrade use by MIL-.
STD-619 should be removed and replaced. The
depth to which such undesirable soils should be
removed depends on the soil type, drainage
conditions, type of material stored, magnitude of
tolerable differential settlement, and depth of
freezing-temperature penetration. The depth of
removal and replacement should be determined by
the engineer on the basis of judgement and previous
experience and with due consideration of the traffic
to be served as well as the costs involved. In some
instances, unsatisfactory or undesirable soils may be
improved economically by stabilization with such
materials as cement, fly ash, lime, or certain
chemical additives whereby the characteristics of the
composite material become suitable for use as
subgrade. Criteria for soil stabilization are given in
TM 5-822-4. Subgrade stabilization, however,
should not be attempted unless the cost reflects
corresponding savings in base course, floor slabs, or
drainage facilities construction and is approved by
HQDA (DAEN-ECE-G) Washington, DC 2031 4-1
000 or Headquarters, Air Force Engineering
Services Center (DEMP), Tyndall AFB, Fla. 32403.

5-4. Base courses.
a. Requirements. Base courses may be required

under rigid floor slabs to provide protection against
detrimental frost action, drainage, a suitable
working platform for the construction operation
during adverse weather conditions, and additional
support to the floor slab. In any of the above-
mentioned applications for base courses, an
economic study is required to determine base course
requirements in floor-slab design. The economic
study will typically include costs of base course
materials such as hauling and required floor-slab
thickness with and without base course.
Consideration should also be given to the use of the
floor slab, i.e., what material is to be stored and
what operations are likely to occur on the floor slab.
These considerations will also have an impact on
whether to include a base course.

b. Compaction. Where base courses are used, the
base-course materials should be compacted in
accordance with the criteria given above. With this
in mind, note that compaction of thin base courses
placed on yielding subgrades to high densities is
difficult.

c. Drainage. Adverse moisture conditions result-
ing from high water table and subsoils subject to
capillary action may cause damage to floor covering
and stored material. If the subgrade soils provide for
movement of water by capillary flow (CH, CL, MH,
and ML types) and the ground-water table is less
than 5 feet from the final grade, a minimum
thickness of 6 inches of free-draining base course
will be required. Base courses for drainage will not
be required under conditions of deep ground-water
table. Positive drainage is to be provided to ensure
against water being trapped beneath the pavement.
The floor should be protected against the migration
of water vapor through the slab and joints. Water
vapor damage is to be prevented by an impermeable
membrane placed on the subgrade prior to concrete
placement. Such vapor barriers shall be installed
even in conjunction with base courses if moisture-
susceptible floor coverings or conduits are present.
See TM 5-809-2/AFM 88-3, Chap. 2 for
embedment of conduits.

d. Materials. If conditions indicate that a base
course is desirable, a thorough investigation should
be made to determine the source, quantity, and
characteristics of the available materials. A study
should be made to determine the most economical
thickness of material for a base course that will meet
the requirements. The base course may consist of
natural materials, processed materials, or stabilized
materials as defined in TM 5-882-4. The material
selected should be the one that best accomplishes
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the intended purpose of the base course. In general, high level at these points, and objectionable material
the base course material should be well-graded high- is prevented from infiltrating the cracks; and (d)
stability material. TM 5-822-6/AFM 88-7, Chap. 1 differential settlement due to nonuniform support or
and TM 5-818-2/AFM 88-6, Chap. 4 provide frost heave is reduced materially. Guidance relative
requirements for base courses for additional support to the use of reinforced pavement is discussed in the
and frost action. If the base course is for drainage, following paragraphs.
the maximum particle size shall be 1-1/2 inches, and a. Subgrade conditions. Reinforcement may be
no particles shall be smaller than the No. 4 sieve used to control cracking in rigid pavements found
size. If a free-draining, open-graded subbase is used, on subgrades where differential vertical movement
a filter layer may be placed under the base course to is a definite potential (for example, foundations with
prevent pumping action and subgrade intrusion. definite or borderline frost susceptibility that cannot
Coarse aggregate shall have a percentage of wear by feasibly be made to conform to conventional frost
the Los Angeles abrasion test of not more than 50. design requirements.)
Uniform high-quality materials shall be used. b. Economic considerations. For the general case,
Weakly cemented rocks and most shales should not reinforced rigid pavements will not be economically
be used; an exception would be baked shales competitive with nonreinforced rigid pavements of
occurring adjacent to intrusive dikes. The frost equal load-carrying capacity, even though a reduc-
susceptibility criterion listed previously in chapter 4 tion in pavement thickness is possible. Alternate
is also applicable to base course materials. bids, however, should be invited if reasonable doubt
Durability will be checked if the base aggregate will exists on this point.
be exposed to frost. Aggregates that break down c. Nonreinforced slabs. In otherwise nonrein-
excessively when subjected to freeze-thaw cycles forced floor slabs, steel reinforcement should be
will not be used. used for the conditions below.

5-5. Steel reinforcement. should be reinforced using a minimum of 0.06
Under certain conditions, concrete pavement slabs
may be reinforced with welded wire fabric or de-
formed bar mats arranged in a square or rectangular
grid. The advantages in using steel reinforcement
include: (a) a reduction in the required slab
thickness usually is permissible; (b) wider spacing
between transverse contraction joints may be used;
(c) the width of crack opening is controlled, with
the result that load transmission is maintained at a

(1) Odd-shaped slabs. Odd-shaped slabs

percent of steel in directions normal to each other
over the entire area of the slab. An odd-shaped slab
is considered to be one in which the longer
dimension exceeds the shorter dimension by more
than 25 percent or a slab which essentially is neither
square nor rectangular. Figure 5-3 presents an
example of reinforcement required in odd-shaped
slabs.
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(2) Mismatched joints. A partial reinforce- determining the percentage of steel required, the
ment of slab is required where the joint patterns of thickness of the reinforced floor slab, and the
abutting or adjacent floor slabs do not match, and maximum allowable length of the slabs. Figure 5-4
when the pavements are not positively separated by presents a graphic solution for the design of rein-
an expansion or slip-type joint. The floor slab forced floor slabs. Since the thickness of a
directly opposite the mismatched joint should be reinforced floor slab is a function of the percentage
reinforced with a minimum of 0.06 percent of steel of steel reinforcing, the designer may determine the
in directions normal to each other for a distance of required percentage of steel for a predetermined
3 feet back from the juncture, and for the full width thickness of floor slab or determine the required
or length of the slab in a direction normal to the thickness of floor slab for a predetermined
mismatched joint. Mismatched joints normally will percentage of steel. in either case, it is necessary
occur at intersections of floor slabs or between first to determine the required thickness of
regular floor slab and fillet areas (fig 5-3). nonreinforced floor slab by the method outlined

d. Other uses. Reinforced and continuously rein- previously (para 5-2) for non reinforced floor slabs.
forced floor slabs may be considered for reasons The exact thickness (to the nearest 1/10 inch) of the
other than those described above provided a report floor slab, h , is then used to enter the nomogram in
containing a justification of the need for figure 5-4. A straight line is then drawn from the
reinforcement is prepared and submit for approval value of h to the value selected for the thickness of
to HQDA (DAEN-ECE-G), Washington, DC reinforced floor slab, h  ,and extended to the
20314-1 000, or Headquarters, Air Force required percentage of reinforcing steel, S , or
Engineering and Services Center (DEMP), Tyndall drawn from the value h to the value selected for the
AFB, Fla. 32403. percentage of reinforcing steel, and extended to the

5-6. Reinforced design. equal to or less than the thickness, h. It should be
a. Thickness design on unbonded base or

subbase. The design procedure for reinforced
concrete floor slabs uses the principle of allowing a
reduction in the required thickness of nonreinforced
concrete floor slab due to the presence of the steel
reinforcing. The design procedure has been
developed empirically from a limited number of
prototype test pavements subjected to accelerated
traffic testing. Although it is anticipated that some
cracking will occur in the floor slab under the design
traffic loadings, the steel reinforcing will hold the
cracks tightly closed. The reinforcing will prevent
spalling or faulting at the cracks and provide a
serviceable floor slab during the anticipated design
life. Essentially, the design method consists of

r

thickness, h  . The thickness, h  , will always ber    r

noted that the S value indicated in figure 5-4 is the
percentage to be used in the longitudinal direction
only. For nomral designs, the percentage of
nonreinforcing steel used in the transverse direction
will be one-half of that to be used in the longitudinal
dirction. Once the h  and S values have beenr
determined, the maximum allowable slab length L is
obtained from the intersection of the straight line
and the scale of L .  Provision also is made in the
nomograph for adjusting L on the basis of the yield
strength f  of the reinforcing steel. Difficulties mays
be encountered in sealing joints between very long
slabs because of large volumetric changes caused by
temperature changes.
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b. Thickness design on stabilized base or sub- may be either deformed bars or welded wire fabric.
grade. To determine the thickness requirements for Specifications for both types of reinforcement are
reinforced concrete floor slabs on a stabilized given in TM 5-825-3/AFM 88-6, Chap. 3.
foundation, it is first necessary to determine the (2) Placement. Placement of the reinforcing
thickness of nonreinforced concrete floor slab steel in floor slabs should follow the criteria given in
required for the design conditions. This thickness of TM 5-825-3/AFM 88-6, Chap. 3. In addition, the
nonreinforced floor slab is determined by the following criteria regarding the maximum spacing of
procedures set forth in paragraph 5-2d. Figure 5-4 reinforcement should be observed. For welded wire
is then entered with the values of h , h , and S fabric, the maximum spacing of the longitudinalr

c. Limitations. The design criteria for reinforced wires and transverse wires should not exceed 6
concrete floor slabs on grade are subject to the inches and 12 inches, respectively; for bar mats, the
following limitations: maximum spacing of the longitudinal bars and the

(1) No reduction in the required thickness of transverse bars should not exceed 15 inches and 30
nonreinforced floor slabs should be allowed for per- inches, respectively.
centages of steel less than 0.05 percent.

(2) No further reduction in the required 5-7. Joint types and usage.
thickness of nonreinforced floor slabs should be
allowed over that indicated in figure 5-4 for 0.50
percent steel, regardless of the percentage of steel
used.

(3) The maximum length L of reinforced
floor slabs should not exceed 75 feet regardless of
the percentage of steel, yield strength of the steel, or
thickness of the pavement.

(4) The minimum thickness of reinforced
floor slabs should be 6 inches.

d. Reinforcing steel.
(1) Type. The reinforcing steel for floor slabs

Joints are provided to permit contraction and expan-
sion of the concrete resulting from temperature and
moisture changes, to relieve warping and curling
stresses due to temperature and moisture differen-
tials, to prevent unsightly, irregular breaking of the
floor slab; as a construction expedient, to separate
sections or strips of concrete placed at different
times; and to isolate the floor slab from other
building components. The three general types of
joints are contraction, construction, and isolation. A
typical floor-slab joint layout is shown in figure 5-5.
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a. Contraction joints. forces caused by subsequent expansion. Contraction
Weakened-plane contraction joints are provided to joints will be required transversely and may be
control cracking in the concrete and to limit curling required longitudinally depending upon slab
or warping stresses resulting from drying shrinkage thickness and spacing of construction joints.
and contraction and from temperature and moisture Contraction joints for reinforced and nonreinforced
gradients in the slab, respectively. Shrinkage and floor slabs are shown in figures 5-6 and 5-7,
contraction of the concrete causes slight cracking respectively. Instructions regarding the use of saw
and separation of the slabs at the weakened planes, cuts or preformed inserts to form the weakened
which will provide some relief from tensile forces plane are contained in TM 5-822-7/ AFM 88-6,
resulting from foundation restraint and compressive Chap. 8.
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(1) Width and' depth of weakened plane concrete and dictate the depth of groove required.
groove. The width of the weakened plane groove For example, concrete placed early in the day, when
will be a minimum of 1/8 inch and a maximum equal the air temperature is rising, may experience
to the width of the sealant reservoir contained in (2) expansion rather than contraction during the early
below. The depth of the weakened plane groove life of* the concrete with subsequent contraction
must be great enough to cause the concrete to crack occurring several hours later as the air temperature
under the tensile stresses resulting from the drops. The concrete may have attained sufficient
shrinkage and contraction of the concrete as it strength before the contraction occurs so that each
cures. Experience, supported by analyses, indicates successive weakened plane does not result in
that this depth should be at Last one-fourth of the fracturing of the concrete. As a result, excessive
slab thickness for floor slabs 12 inches or less, 3 opening may result where fracturing does occur. To
inches for pavements greater than 12 and less than prevent this, the depth of the groove will be
18 inches in thickness, and one-sixth of the slab increased to assure the fracturing and proper
thickness for floor slabs greater than 18 inches in functions of each of the scheduled joints.
thickness. In no case will the depth of the groove be (2) Width and depth of sealant reservoir. The
less than the maximum nominal size of aggregate width and depth of the sealant reservoir for the
used. Sawcut contraction joints for steel-fiber weakened plane groove will conform to dimensions
reinforced concrete should be cut a minimum of shown in figure 5-8. The dimensions of the sealant
one-third of the slab thickness. Concrete placement reservoir are critical to satisfactory performance of
conditions may influence the fracturing of the the joint sealing materials.
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(3) Spacing of transverse contraction joints. dimensions under traffic. Therefore, it is desirable,
Transverse contraction joints will be constructed insofar as practicable, to keep the length and width
across each paving lane perpendicular to the center dimensions as nearly equal as possible. In no case
line. The joint spacing will be uniform throughout should the length dimension (in the direction of
any major paved area, and each joint will be straight paving) exceed the width dimension more than 25
and continuous from edge to edge of the paving lane percent.
and across all paving lanes for the full width of the (a) Nonreinforced slabs. The joint spac-
paved area. Staggering of joints in adjacent paving ings in table 5-2 have given satisfactory control of
lanes can lead to sympathetic cracking and will not transverse cracking in most instances and may be
be permitted unless reinforcement, as described in used as a guide, subject to modification based on
paragraph 5-5b, is used. The maximum spacing of available information regarding the performance of
transverse joints that will effectively control existing pavements in the vicinity or unusual proper-
cracking will vary appreciably depending on ties of the concrete. The maximum size of a slab
pavement thickness, thermal coefficient, and other panel bounded by contraction joints should be 600
characteristics of the aggregate and concrete, square feet in accordance with TM 5-809-2/AFM
climatic conditions, and foundation restraint. It is 88-3, Chap. 2. Under certain climatic conditions,
impracticable to establish limits on joint spacing that joint spacings different from those in table 5-2 may
are suitable for all conditions without making them be satisfactory. Where it is desired to change the
unduly restrictive. For best slab performance, the joint spacing, a request will be submitted to HQDA
number of joints should be kept to a minimum by (DAEN-ECE-G), Washington, DC 20314-1000, or
using the greatest joint spacing that will Headquarters, Air Force Engineering Services
satisfactorily control cracking. Experience has Center (DEMP), Tyndall, AFB, Fla. 32403,
shown, however, that oblong slabs, especially in thin outlining the local conditions that indicate that the
slabs, tend to crack into smaller slabs of nearly equal proposed change in joint spacing is desirable.

Table 5-2. Recommended Spacing of Transverse Contraction Joints

Slab Thickness Joint Spacing
in. ft.

4 - 6* Up to 12.5
6 - 9 12.5-15.0

9 - 12 15.0-20.0
> 12 20.0 - 25.0

*This thickness is allowed for steel-fiber reinforced concrete only.
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(b) Reinforced slabs. Transverse contrac- (5) Doweled and tied contraction joints.
tion joints in reinforced concrete slabs should not be (a) Dowels are required in transverse
constructed at intervals of less than 25 feet nor more contraction joints. Dowel requirements and
than 75 feet. Maximum allowable slab width and specifications are given in paragraph 5-7d.
length may be determined from the equation (b) For nonreinforced slabs, deformed tie

where provided to separate areas of concrete placed at
L = the maximum length (or width), feet different times. They may be required in both the
h = the reinforced slab thickness, inches longitudinal and transverse directions. The spacingr
f = the steel yield strength, pounds per square of construction joints will depend largely on the sizes

inch and shape of the floor slab that is being placed and
S = steel reinforcing ration, percentage the equipment used to place it. Joint spacing will

Allowable slab dimensions can be determined Longitudinal construction joints, generally spaced
directly from figure 5-4 for a yield strength of 20 to 25 feet apart but may reach 50 feet apart
60,000 pounds per square inch. Selection of final depending on construction equipment capability,
spacing should be based on local conditions. Where will be provided to separate successively placed
only a portion of the slabs are reinforced, joint paving lanes. Tranverse construction joints will be
spacing should be a maximum commensurate with installed when it is necessary to stop concrete
the unreinforced slab configurations. placement within a paving lane for a sufficient time

(4) Spacing of longitudinal contraction for the concrete to start to set. All transverse
joints. Contraction joints will be placed along the construction joints will be located in place of other
centerline of paving lanes that have a width greater regularly spaced transverse joints (contraction or
than the indicated maximum spacing of transverse isolation types). There are several types of
contraction joints in table 5-2. These joints may also construction joints available for use, as shown in
be required in the longitudinal direction for overlays, figures 5-9, 5-10, and 5-11 and as described below.
regardless of overlay thickness, to match joints The selection of the type of construction joint will
existing in the base pavement unless a bond- depend on such factors as the concrete placement
breaking medium is used between the overlay and procedure (formed or slipformed) and foundation
base slab or the overlay slab is reinforced. conditions.

bars, which are 5/8 inch in diameter, 30 inches long,
and spaced on 30-inch centers, will be required in
longitudinal contraction joints that fall 15 feet or 1es
from the free edge of paved areas greater than 100
feet in width to prevent cumulative opening of these
joints.

b. Construction joints. Construction joints are

also be affected by column spacing and bay sizes.
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(1) Doweled butt joint. The doweled butt (3) Thickened-edge joint. Thickened-edge-
joint is considered to be the best joint for providing type joints maybe used instead of other types of
load transfer and maintaining slab alignment. It is a joints employing load-transfer devices. When the
desirable joint for the most adverse conditions such thickened-edge joint is constructed, the thickness of
as heavy loading, high traffic intensity, and lower the concrete at the edge is increased to 125 percent
strength foundations. However, because the of the design thickness. The thickness is then
alignment and placement of the dowel bars are criti- reduced by tapering from the free-edge thickness to
cal to satisfactory performance, this type of joint is the design thickness at a distance of 5 feet from the
difficult to construct, especially for slipformed con- longitudinal edge. The thickened-edge butt joint is
crete. However, the doweled butt joint is required considered adequate for the load-induced concrete
for all transverse construction joints in stresses. However, the inclusion of a key in the
nonreinforced pavements. Doweled construction thickened-edge joint provides some degree of load
joints are shown in figure 5-9. transfer in the joint and helps maintain slab

(2) Keyed joint. The keyed joint is the most alignment; although not required, it is recommended
economical method, from a construction standpoint, for pavement constructed on low- to medium-
of providing load transfer in the joint. It has been strength foundations. The thickened-edge joint may
demonstrated that the key or keyway can be be used at free edges of paved areas to
satisfactorily constructed using either formed or accommodate future expansion of the facility or
slipformed methods. Experience has proved that the where wheel loadings may track the edge of the
required dimensions of the joint can best be pavement. All floor slabs accommodating vehicular
maintained by forming or slipforming the keyway traffic will be thicked at doorways to have an edge
rather than the key. The dimensions and location of thickness of 1.25 times the design thickness as
the key (fig 5-10) are critical to its performance. shown in figure 5-11. The use of this type joint is
The structural adequacy of keyed ed construction contingent upon adequate base-course drainage.
joints in rigid floor slabs, however, can be impaired c. Isolation joints. Isolation joints are provided to
seriously by such factors as small changes in the prevent load transfer and allow for differential
dimensions of the key and positioning the key other settlement between the floor slab and other building
than at the middepth of the slab. Exceeding the components. Isolation joints also allow for some
design values for the key dimensions produces an horizontal movement. Isolation joints should be
oversize key, which can result in failure of either the placed at locations where slabs abut walls or their
top or bottom edge of the female side or the joint. foundations and around columns, column
Similarly, construction of an undersizes key can foundations, and other foundations that carry
result in shearing off the key. Keyed joints should permanent dead load other than stored material.
riot be used in floor slabs 8 inches or less in Isolation joints are provided by placing 30-pounds
thickness except where tie bars are used. Tie bars in asphalt, coal-tar saturated felt, or equivalent
the keyed joint, will limit opening of the joint and material between the floor slab and the building*s
provide some shear transfer that will improve the structural components before the floor is placed.
performance of the keyed joints. However, tied Such sheets should be placed or fastened to the
joints in floor widths of more than 75 feet can result buildings components to prevent any bonding or
in excessive stresses and cracking in the concrete direct contact between the floor slab and the
during contraction. When a longitudinal building component. This requires that the sheets
construction joint is used at the center of a floor two have a height equal to the floor slab thickness and
paving lanes wide, a keyed joint with tie bars should be placed at the same elevation as the floor slab, as
be used. When a keyed longitudinal structure joint shown in figure 5-12.
is used at the center of a floor four or more paving
lanes in width, dowels should be used.
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d. Special joints and junctures. Situations will The design of the thickened-edge slip joint will be
develop where special joints or variations of the similar to the thickened-edge construction joint (fig
more standard type joints will be needed to 5-13). The bond-breaking medium will be either a
accommodate the movements that will occur and to heavy coating of bituminous material not less than
provide a satisfactory operational surface.  Some of 1/16 inch thick when joints match or a normal
these special joints or junctures are discussed below. nonextruding-type expansion joint material not less

(1) Slip-type joints. At the juncture of two than 1/4 inch thick when joints do not match. The
pavement facilities, expansion and contraction of the 1/16-inch bituminous coating may be either a low
concrete may result in movements that occur in penetration (60-70 grade asphalt) or a clay-type
different directions. Such movements may create asphalt-base emulsion similar to that used for roof
detrimental stresses within the concrete unless coating (Military Specification MIL-R-3472) and
provision is made to allow the movements to occur. will be applied to the face of the joint by hand
At such junctures, a thickened-edge slip joint shall brushing or spraying.
be used to permit the horizontal slippage to occur.
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(2) Special joint between new and existing considered as an alternate to the special joint; how-
floors. A special thickened-edge joint design (fig 5- ever, a thickened-edge design will be used for the
13) will be used at the juncture of new and existing new floor at the juncture.
floors for the following conditions: e. Doweled joints. The primary function of dow-

(a) When load-transfer devices (keyways els in floor slabs is that of a load-transfer device. As
or dowels) or a thickened edge was not provided at such, the dowels affect a reduction in the critical
the free edge of the existing floor. edge stress directly proportional to the degree of

(b) When load-transfer devices or a thick- load transfer achieved at the joint. A secondary
ened edge was provided at the free edge of the function of dowels is to maintain the vertical
existing floor, but neither met the design alignment of adjacent slabs, thereby preventing
requirements for the new floor. faulting at the joints. Dowels are required at all

(c) For transverse contraction joints, when contraction joints in slabs that are 8 inches or
removing and replacing slabs in an existing floor. greater in thickness and for thinner slabs in

(d) For longitudinal construction joints, concentrated traffic areas.
when removing and replacing slabs in an existing (1) Dowel specifications. Dowel diameter,
floor if the existing load-transfer devices are length, and spacing should be in accordance with the
damaged during the slab removal. criteria presented in table 5-3. When dowels larger

(e) Any other location where it is than 1 inch in diameter are required, an extra-
necessary to provide load transfer for the existing strength pipe may be used as an alternate for solid
floor. The special joint design may not be required bars. When an extra-strength pipe is used for
if a new floor joins an existing floor that is grossly dowels, however, the pipe should be filled with a
inadequate to carry the design load of the new floor, stiff mixture of sand-asphalt or cement mortar, or
or if the existing floor is in poor structural the ends of the pipe should be plugged. If the ends
condition. If the existing floor can carry a load that of the pipe are plugged, plugs should fit inside the
is 75 percent or less of the new floor design load, pipe and be cut off flush with the end of the pipe so
special efforts to provide edge support for the that there will be no protruding material to bond
existing floor may be omitted; however, if omitted, with the concrete and prevent free movement of the
accelerated failures in the existing floor may be pavement. All dowels should be straight, smooth,
experienced. Any load-transfer devices in the and free from burrs at the ends. One-half of each
existing floor should be used at the juncture to dowel should be painted and oiled or otherwise
provide as much support as possible to the existing treated to prevent bonding with the concrete. A
floor. The new floor will simply be designed with a schematic drawing of joint layout showing dowels
thickened edge at the juncture. Drilling and grouting is given in figure 5-14.
dowels in the existing floor for edge support may be
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Table 5-3. Dowel size and spacing

Minimum Maximum
 Pavement  Dowel  Dowel
Thickness  Length Spacing
  inches   inches  inches      Dowel Diameter and Type     

Less than 8 16 12 3/4-inch bar

8 to and 16 12 1-inch bar
including
11.5

12 to and 20 15 1- to 1-1/4-inch bar, or 1-inch
including extra—strength pipe
15.5

16 to and 20 18 1- to 1-1/2-inch bar, or 1-
including 1-1/2-inch extra-strength pipe
20.5

21 to and 24 18 2-inch bar, or 2-inch extra-
including strength pipe
25.5

Over 26 30 18 3-inch bar, or 3-inch extra
strength pipe
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(2) Dowel placements. Normally, dowels operations. For proper drainage of the floor-slab
should be located at the middepth of the floor slab. surface into floor drains, a fall of c inch per foot
However, a tolerance of one-half of the dowel toward the floor drain is recommended. For
diameter, above or below middepth of the slab, may sustained operations, gasoline- and LP gas-operated
be allowed in locating the dowels in contraction and forklift trucks can generally negotiate a maximum
construction joints where the allowance of such a slope of 20 percent (20 feet vertically for every 100
tolerance will expedite construction. feet horizontally) satisfactorily. Electric-powered

f. Joint sealing. All joints will be sealed with a forklift trucks can perform sustained operations on
suitable sealant to prevent infiltration of surface a maximum slope of 10 percent (10 feet vertically
water and solid substances. A jet-fuel resistant for every 100 feet horizontally). The above-
(JFR) sealant will be used in the joints of floors mentioned maximum slopes are based on a
where diesel fuel or other lubricants may be spilled coefficient of friction of 0.9 for the operating
during the operation, parking, maintenance, and surface. The use of sealants, waxes, etc., to reduce
servicing of vehicles. Sealants that are not fuel dusting will lower the coefficient of friction
resistant will be used in joints of all other considerably. In areas where these compounds are
pavements. JFR sealants will conform to Federal used and a tough broom finish is not. practical,
Specifications SS-S-200 and SS-S-1614, and non- reducing the slope of the ramp should be
JFR sealants will conform to Federal Specifications considered. If the slope cannot be reduced,
55-5-1401. Preformed seal-ants must have an pressure-sensitive abrasive tapes should be installed.
uncompressed width of not less than twice the width The abrasive tapes are of the type used on stairway
of the joint sealant reservoir. The selection of a treads to produce a nonskid surface.
pourable or preformed sealant should be based upon
the economics involved. Compression-type
preformed sealants are recommended when the joint
spacings exceed 25 feet and are required when joint
spacings exceed 50 feet.

g. Special provisions for slipform paving. Provi-
sions must be made for slipform payers when there
is a change in longitudinal joint configuration. The
thickness may be varied without stopping the paving
train, but the joint configuration cannot be varied
without modifying the side forms, which will nor-
mally require stopping the paver and installing a
header. The following requirements shall apply:

(1) The header may be set on either side of
the transition slab with the transverse construction
joint doweled as required. The dowel size and
location in the transverse construction joint should
be commensurate with the thickness of the
pavement at the header.

(2) When there is a transition between a
doweled longitudinal construction joint and a keyed
longitudinal construction joint, the longitudinal con-
struction joint in the transition slab may be either
keyed or doweled. The size and location of the
dowels or keys in the transition slabs should be the
same as those in the pavement with the doweled or
keyed joint, respectively.

(3) When there is a transition between two
keyed joints with different dimensions, the size and
location of the key in the transition slab should be
based on the thickness of the thinner pavement.

5-8. Floor slab geometry.
Careful attention should be given to floor-slab
geometry to ensure proper drainage and satisfactory

5-9. Fiber reinforced design.
a. Basis of jointed fiber reinforced concrete floor

slab design. The design of jointed fiber concrete
(JFC) floor slabs is based upon limiting the ratio of
the concrete flexural strength and the maximum
tensile stress at the joint, with the load either parallel
or normal to the edge of the slab, to a value found
to give satisfactory performance in full-scale
accelerated test tracks. Because of the increased
flexural strength and tenacity at cracks that develop
in the fibrous concrete, the thickness can be
significantly reduced; however, this results in a more
flexible structure, which causes an increase in
vertical deflections as well as in potential for den-
sification and/or shear failures in the foundations,
pumping of the subgrade material, and joint
deterioration. To protect against these latter factors,
a limiting vertical deflection criterion has been
applied to the thickness developed from the tensile
stress criteria.

b. Uses. Although several types of fiber have been
studied for concrete reinforcement, most of the
experience has been with steel fibers, and the design
criteria presented herein are limited to steel fibrous
concrete. Fibrous concrete is a relatively new mate-
rial for pavement construction and lacks a long-time
performance history. Because of this, its use will
require approval of HQDA (DAEN-ECE-G), Wash-
ington, DC 20314-1 000, and/or Headquarters, Air
Force Engineering Services Center (DEMP),
Tyndall AFB, Fla. 32403. The major uses to date
have been for thin resurfacing or strengthening
overlays where grade problems restrict the thickness
of overlay that can be used. The use of JFC floor
slabs should be based upon the economics involved.



TM 5-809-12/AFM 88-3, Chap. 15

5-26

c. Mix proportioning considerations. The design (5) Maximum size coarse aggregates should
mix proportioning of fibrous concrete will be deter- fall between 3/8 and 3/4 inch. The percent of coarse
mined by a laboratory study. The following are aggregate (of the total aggregate content) can vary
offered as guides and to establish limits where between 25 and 60 percent.
necessary for the use of the design criteria included d. Thickness determination. The required thick-
herein. ness of FJC floor slabs will be a function of the

(1) The criteria contained herein are based design concrete flexural strength R, modulus of soil
upon fibrous concrete containing 1 to 2 percent by reaction k, the thickness h  and flexural modulus of
volume (100 to 250 pounds) of steel fibers per cubic elasticity E , of stabilized material if used, the
yard of concrete, and fiber contents within this vehicle or axle gross load, the volume of traffic, the
range are recommended. type of traffic area, and the allowable vertical

(2) Most experience to date has been with deflection. When stabilized material is not used, the
fibers from 1 to 1-1/2 inches long, and for use of the required thickness h  of JFC is determined directly
criteria contained herein, fiber lengths within this from the appropriate chart (figs 5-15 and 5-16). If
range are recommended. the base or subgrade is stabilized meets the

(3) For proper mixing, the maximum aspect minimum strength requirements of TM 5-822-
ratio (length to diameter or equivalent diameter) of 4/AFM 88-7, Chap. 4, the stabilized layer will be
the fibers should be about 100. treated as a low-strength base and the design will be

(4) The large surface area to volume ratio of made using the equation given in paragraph 5-2d(3)
the steel fibers requires an increase in the paste above. The resulting thickness, h or h  , will be
necessary to ensure that the fibers and aggregates rounded up to the nearest half or full inch. The
are coated. To accomplish this, cement contents of rounded thickness, h  or h  will then be checked
750 to 900 pounds per cubic yard of concrete are for allowable deflection in accordance with
recommended. The cement content may be all paragraph 5-9e. The minimum thickness for JFC
portland cement or a combination of portland floor slabs will be 4 inches.
cement and up to 25 percent fly ash or other
pozzolans.

b
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e. Allowable deflection for JFC pavement. The allowable deflections determined from figure 5-18.
elastic deflection that JFC floor slabs experience Deflections need not be checked for axle loads less
must be limited to prevent overstressing of the foun- than 25 kips. If the computed deflection is less than
dation material and thus premature failure of the the allowable deflection, the thickness meets allow-
pavement. Curves are provided (fig 5-17) for the able deflection criteria and is acceptable. If the
computation of the vertical elastic deflection that a computed deflection is larger than the allowable de-
slab will experience when loaded. Use of the curves flection, the thickness must be increased or a new
requires three different inputs: slab thickness, sub- design initiated with a different value for either R or
grade modulus, and gross weight of the design ve- k . The process must be repeated until a thickness
hicle. The slab thickness is that which is determined based upon the limiting stress criterion will also
from paragraph 5-9d above. The computed vertical have a computed deflection equal to or less than the
elastic deflection is then compared with appropriate allowable value.



TM 5-809-12/AFM 88-3, Chap. 15

5-30



TM 5-809-1/AFM 88-3, Chap. 15

5-31


